Abstract. The number of new syphilis cases in Brazil has risen alarmingly in recent years. However, there is limited data regarding syphilis prevalence in the Brazilian prison population. To facilitate the development of effective interventions, a cross-sectional study was undertaken to determine the prevalence of Treponema pallidum infection, active syphilis, and associated risk factors among Brazilian prisoners. We administered a questionnaire to a population-based sample of prisoners from 12 prisons in Central-West Brazil and collected sera for syphilis testing, from January to December 2013. Univariable and multivariable regression analyses were performed to assess associations with active syphilis. We recruited 3,363 prisoners (men: 84.6%; women: 15.4%). The overall lifetime and active syphilis prevalences were 10.5% (9.4% among men; 17% among women, P < 0.001) and 3.8% (2% among men; 9% among women, P < 0.001), respectively. The variables associated with active syphilis in men prisoners were homosexual preference, history of sexually transmitted infections, and human immunodeficiency virus status. Among women, the factors were sex with intravenous drug users, genital ulcer disease, and previous incarceration. Despite the high prevalence of active syphilis, 88.5% reported unawareness of their serological status and 67% reported unprotected sexual practices. Women had the highest rates of infection, including them in a high-risk group for the development of syphilis during pregnancy. Thus, implementing screening programs to enable continuous measures of control and prevention of T. pallidum infection in the prison environment, mainly in women institutions, is important to prevent severe forms of this disease and congenital infections.
INTRODUCTION
Syphilis is a chronic multistage disease caused by the spirochete Treponema pallidum subspecies pallidum and is usually transmitted by sexual contact or through the placenta during pregnancy. 1 Syphilis infection remains an alarming public health problem worldwide, with an estimated 36 million prevalent cases globally and more than 12 million incident cases annually. 2 According to the World Health Organization (WHO), more than half the pregnant women with active syphilis will have a stillbirth, perinatal death, or serious neonatal infection. 3 Syphilis has become one of the top five most reported infectious diseases and the most frequently reported sexually transmitted infections (STIs) in Brazil. Estimates of new sexual transmission in the adult population are 937,000 cases each year, with a prevalence of 2.6%, varying from 1.0% to 4.4%. 2, 4 Despite the existence of inexpensive and effective antimicrobial therapy, syphilis has increased significantly in vulnerable groups, including men who have sex with men (MSM), transgender women (TW), commercial sex workers (CSWs), and prisoners. [5] [6] [7] [8] Prison populations are considered to be at high risk for STIs, including syphilis, due to risk behaviors such as intravenous drug use, homosexual contact with unprotected sexual practices, and multiple sexual partners. 8, 9 Although syphilis control strategies are well established, some studies have shown significantly increasing rates of T. pallidum infection among prisoners. [10] [11] [12] The high prevalence of syphilis may contribute to T. pallidum transmission among prisoners, as well as the general population, especially due to unprotected sexual practices. 10, 11, 13 Furthermore, syphilis has been considered one of the factors that facilitate human immunodeficiency virus (HIV) transmission, at the same way HIV may facilitate a rapid progression of syphilis to advanced stages.
14 To control this important public health problem, the implementation of standard infection control practices, such as serological screening in the correctional setting, is needed to diagnosis prevalent disease and prevent onward transmission. 10, 13 Brazil has the fourth largest prison population in the world, with 607,700 persons in penal institutions and the state of Mato Grosso do Sul has the highest rate of incarceration. 12 However, the prevalence rates of syphilis in Brazilian prisons remain largely unknown so that the assessment of the sources of T. pallidum transmission in prisoners could facilitate decision-making regarding how to screen, prevent further spread, and provide appropriate care for infected prisoners. 15 To better understand these features, a multicenter crosssectional study was undertaken in 12 prisons in Central-West Brazil, to propose future prevention strategies.
MATERIALS AND METHODS
Study setting. Mato Grosso do Sul is a state in CentralWest Brazil, which borders Paraguay and Bolivia. With a population of 2.5 million people, it has the highest rate of incarceration in the country, with 568.9 per 100,000 habitants incarcerated, predominantly due to drug-trafficking crimes. the state (Campo Grande, Corumbá, Dourados, Ponta Porã, and Três Lagoas) were included in a cross-sectional study performed from January 2013 to December 2013, with 7,221 prisoners representing 73% of the closed system and 59% of the total prison population in the state. Out of those prisons, there were eight men prisons (6,552 prisoners) and four women prisons (669 prisoners).
Study population. Proportional stratified sampling was performed using each prison as a unit of randomization. On the data collection day, the prisoners were listed in numerical order, and a list of random numbers was generated using EpiInfo 6.04 software (Centers for Diseases Control and Prevention, Atlanta, GA). The sample size was calculated using a prevalence of 3% for lifetime syphilis with a variation of 1%, 4 a power of 80% and an alpha-type error of 5%. We added 20% more individuals from each prison to account for anticipated loss due to refusal to participate. Prisoners who were 18 years of age or more and who consented to participate were included in the study. 16 Data and blood collection. Each participant underwent an interview utilizing a standardized questionnaire. The variables obtained during the interview included age, sex, marital status, educational attainment, drug use, sexual history, STIs, blood transfusion, tattoos, piercings, previous surgery and incarceration, time served, self-reported mental illness, and genital ulcer disease. The participant's race/skin color (white, black, indigenous, Asian, or mixed), gender, and sex were selfreported. After appropriate antisepsis, 10 mL of peripheral venous blood sample was obtained using a vacuum tube system, processed to obtain the serum, and stored at −20°C for the serological assays.
Serological testing. The prevalence of lifetime syphilis was determined using an enzyme-linked immunosorbent assay (ELISA) (ICE*Syphilis, DiaSorin, Saluggia, Italy) following the manufacturer's instructions. This assay detects antibodies against T. pallidum using recombinant proteins (TpN15, TpN17, and TpN47). 17 ELISA-reactive samples were serially diluted to quantify titers of syphilis anti-cardiolipin antibodies by Venereal Disease Research Laboratory (VDRL) test (Abbott Murex, Dartford, UK). Active syphilis was defined as a VDRL ³ 1:8 18 as recommended by the Brazilian Ministry of Health. Statistical analysis. Questionnaire-based data and biological testing results were recorded, double checked, and entered into the online database Research Electronic Data Capture (REDCap). SAS version 9.2 (SAS Institute, Cary, NC) was used to analyze the univariate and multivariate models. The prevalence of T. pallidum lifetime and active syphilis was expressed as the percentage among prisoners screened, with cluster-adjusted 95% confidence intervals (CIs). Dichotomized and categorical data were analyzed with the χ 2 or Fisher's exact test. For continuous variables, the t test or analysis of variance was used. Univariate analysis was performed to verify the associations between the dependent and independent variables. Those achieving a prespecified level of significance (P < 0.05) were included in the multivariable analysis. Logistic regression models were used to estimate the crude odds ratios and adjusted odds ratio (AOR).
Ethical approval. This study was conducted with the approval of the research ethics committee at the Universidade Federal da Grande Dourados (no. 191.877). All eligible participants provided written informed consent prior to participation. The results of the serological tests were reported directly to the prisoners by an infectious disease physician and the prisoners were referred for specialist treatment.
RESULTS
Sociodemographic factors and risk behaviors. Out of the 3,771 individuals invited to participate, 3,363 (89.1%) agreed to the interview and provided blood samples ( Figure 1 ). There were no differences among prisoners who agreed to participate and those who refused to join the study. Sociodemographic characteristics, risk behaviors, and prevalence results stratified by sex are shown in Table 1 . Nearly, 84.6% of participants were men (2,845) and the mean age was 32 years (range: 18-80 years). The majority of these individuals were from the state of Mato Grosso do Sul (64%) and reported marital status as single (44%) (P £ 0.01). The prisoners selfreported racial groups included white (33%), mixed (50%), black (13%), Asian (2%), and indigenous (1%). Approximately, 45% reported being illiterate. Differences between men and women groups were noted for almost all variables, highlighting the importance of analyzing these groups separately. In this study, 54% men and 38% women prisoners were using drugs (P £ 0.01). The prisoners have intimate visits weekly and sex with multiple partners was reported by 49% (N = 1,414) of men and 53% (N = 277) of women (P £ 0.01). Homosexual preference was identified in 2% (N = 48) of men and 11% (N = 58) of women (P £ 0.01), sex with an intravenous drug user (IDU) was reported by 3% (N = 82) of men and 6% (N = 30) women (P £ 0.01), HIV-positive status was affirmed by 1.6% (N = 45) men and 1.9% (N = 10) women (P = 0.56), genital ulcer diseases were reported by 2.2% of men (N = 64) and 2.1% (N = 11) women (P = 0.85). In both groups, 67% (N = 2,242) reported irregular condom use and 12% (N = 393) reported history of STIs. Previous incarceration was observed in 59% (62% men and 40% women, P = 0.01) and the mean time in prison was 20 ± 27 months for men and 12 ± 12 months for women (P £ 0.01) ( Table 1) .
The prevalence of lifetime syphilis was 9.4% (N = 268/ 2,845; 95% CI = 8.37-10.55) in man and 17% (N = 88/518; 95% CI = 13.85-20.50) in women prisoners. Active syphilis was 2% (N = 58/2,845; 95% CI = 1.55-2.62) in men and 9% (N = 46/518; 95% CI = 6.57-11.66) in women. All cases were reported to health-care services to provide appropriate therapy. In this study, 90% (N = 2,687) of interviewed prisoners reported unawareness of their serological status of STIs. Out of those, 88.5% (N = 92/104) had active syphilis (VDRL ³ 1:8) (Figure 1 ). There were significant differences of lifetime and active syphilis among prisons. The highest prevalence of lifetime was 15.5% in the Female Criminal Establishment Irmã Irma Zorzi (EPFIIZ) and the lowest was 2.3% in the Female Penal Establishment Jonas Carlos Alberto Giordano (EPFCAJG) (P £ 0.01). For active syphilis, the highest prevalence was in EPFIIZ (13.7%) and the lowest was in EPFCAJG (1.2%) (P £ 0.01).
The multivariate analysis showed that homosexual preference (AOR = 4.51; 95% CI = 0.97-20.95), HIV infection (AOR = 3.70; 95% CI = 1.34-10.21), and history of STIs (AOR = 2.86; 95% CI = 1.30-6.31) were associated with active syphilis in men. Among women, the factors were sex with an IDU (AOR = 3.87; 95% CI = 1.40-10.64), history of genital ulcer disease (AOR = 13.49; 95% CI = 2.79-65.24), and previous incarceration (AOR = 2.23; 95% CI = 1.08-4.63) ( Table 2 ). Older age (above sixty years old) was a protective factor to active syphilis in women (AOR = 0.96; 95% CI = 0.93-0.99).
DISCUSSION
Prisons remain a concern and are a key causative factor for a myriad of problems, which ultimately turn these custodial settings into fertile breeding grounds for infectious diseases such as syphilis. Prisoners continue to show a significantly higher prevalence of T. pallidum infection, especially in developing countries. 8, 9, 19 Thus, knowledge of syphilis in Mato Grosso do Sul, a state in Central-West Brazil that borders Paraguay and Bolivia and has the highest rate of incarceration in the country, 11, 20 is important for the planning of preventive measures of this disease.
The prevalence of lifetime syphilis in 12 prisons was 10.5%, with a significant difference between genders, 9.4% in men and 17% in women. This prevalence is higher than previously reported in the general population (3%). Other studies have also reported a high prevalence of lifetime syphilis in prisoners. 10, 18, 21 However, these were conducted in only one establishment and may not represent the reality of other Brazilian prisons. Our study showed that there were differences in lifetime (15.4-2.2%) and active syphilis (35.2-0.95%) prevalence among prisons. According to our results, syphilis infection among Brazilian prisoners (10.5%) (95% CI = 9.56-11.67) is higher than that of the incarcerated population in developed countries, including France (0.5%), 22 United States (0.6%), 23 Italy (2.1%), 24 Portugal (6.0%), 25 and the developing country México (2.0%). 26 However, it is lower than that of the developing country Ghana (16.5%). 8 Additionally, this study showed that women were affected more often than men. This result is consistent with the higher prevalence of syphilis and other STIs in women as reported by Muga and others 27 and Arredondo and others. 26 However, other studies have reported that women were more likely to engage in CSW, a high-risk sexual behavior that correlates with a high prevalence of syphilis and other STIs. 7, 27, 28 The high prevalence found in our study might be related to the high number of sexual partners reported by 53.5% of women (N = 277, P < 0.01, Table 1 ). However, the disparity of this infection based on sex is also likely due to the lower socioeconomic status of women prisoners, and emphasizes the need for efforts to reduce the risk of STIs, specifically in women.
Our study showed a high prevalence (3.8%) of active syphilis (2% among men; 9% among woman, P £ 0.01). This is consistent with a previous study in vulnerable groups that reported high rates of active syphilis among HIV positive (5.3%), 18 MSM (12.3%), TW (27.0%), and MSM/TW (17.5%). 6 The alarming prevalence of active syphilis in women added to high rates of unawareness of serological status warrants the attention of health-care services to improve the control and occurrence of serious forms of syphilis, such as congenital syphilis. However, 11.5% patients with active syphilis had awareness of their serological status and were not receiving treatment, likely due to the current lack of therapy available in Brazil. 29 These findings show the critical necessity to implement screening programs and treatment in prison environments to help reduce T. pallidum transmission among prisoners and their contacts.
Furthermore, the high rates of active syphilis are not only established indicators of risky sexual behaviors, but are associated with sexual transmission of HIV due to the presence of genital ulceration. 30 Previous study showed syphilis as a risk factor for HIV infection. 31 In this scenario, intervention efforts for controlling the epidemics of syphilis should help to reduce the susceptibility to HIV infection, mainly among women, their sexual partners, and MSM. 6 The cross-sectional scope of the current study did not allow us to determine whether the prisoners acquired the diseases while within or outside the prison. However, this study showed that participants had multiple sexual partners (50.3%) and also engaged in high rates of unprotected sexual intercourse (67% reported irregular condom use), thereby creating even more opportunities for T. pallidum infection transmission. Preventive interventions and education about potential risks associated with sexual practices would encourage these groups to practice safer sexual behaviors. Currently, campaigns, treatment, and prevention efforts for STIs have not been performed in Brazilian prisons. Routine screening for syphilis is an essential part of HIV care in public health programs. However, the high prevalence of lifetime syphilis, including high VDRL titers suggestive of untreated infection and risky sexual behavior, suggests the urgent need for increasing screening and detection of syphilis among Brazilian prisoners.
The multivariable analysis identified homosexual preference, positive HIV status, and history of STIs as variables associated with active syphilis among men, whereas sex with IDUs, genital ulcer disease, and previous incarceration were associated with active syphilis in women. Our study showed that genital ulcer disease increased the risk of active syphilis more than 13% in women prisoners. Fernandes and others (2014) also reported that genital ulcer diseases were associated with T. pallidum infection among MSM. 6 Genital ulcer is less likely to be diagnosed in women as they are not easily seen and are usually painless. 30 Sexual behaviors could be a potential risk for syphilis transmission during unprotected sex. This finding suggests that more intensive control strategies should be targeted to these places by providing education materials, condom promotion, STI screening, and treatment to reduce the risk of syphilis infection in this group. Furthermore, older age remained a protective factor in active syphilis in women. Older individuals (> 60 years old) reported stable sexual partners (5% of men and 9% women, P < 0.01). Thus, most likely this group has a smaller number of sexual partners. Although our study cannot explain why older age was a protective factor, this behavior may contribute to reducing agent transmission, warranting further research. Adjusted OR = adjusted odds ratio; crude OR = crude odds ratio; HIV = human immunodeficiency virus; IDU = intravenous drug user; SD = standard deviation; STI = sexually transmitted infection. * Adjusted for significant interaction term between these variables (P = 0.01).
The high syphilis prevalence in prison systems is a public health problem. Many prisoners are incarcerated for a relatively short period and can return to the community unaware of infection and be a risk for transmission. In addition, the high rates of unprotected sex as self-reported can be serious risk behavior. Although the results of these cross-sectional studies cannot detect the causality of the transmission source (i.e., in or out of prison), they provide important data on the correlates of syphilis infection among prisoners, and may contribute to efforts to respond to the important health-care needs of these vulnerable individuals in Brazil. Despite these limitations, our study showed a high prevalence of active syphilis, especially among women prisoners. Thus, serological screening in prisons could increase the detection rate of early syphilis and reduce the infection term, as well as syphilis transmission during pregnancy.
